ABSTRACT
1,2 Therefore, IH is considered a connective tissue disease characterized by defective wound healing process. 3 The distinct phases of wound healing process are well described and include local hemorrhage with extravasation of platelets and platelet-derived growth factors such as PDGF (platelet derived growth factor) and EGF (epidermal growth factor). These mitogens stimulate FGF-7 (fibroblast growth factor-7) expression by fibroblasts. In addition, invading neutrophils and macrophages will secrete several proinflammatory cytokines and growth factors resulting in angiogenesis and fibroplasia. These events will culminate with the synthesis of a provisional matrix that must be able to support the biomechanical forces of the abdominal wall. 2 IH is believed to be due to a combination of biomechanical and biochemical failures of the fascial wound after chirurgical procedures. Biomechanical failure may happen early during the post-operative period when the wound depends on the suture quality and integrity to support the increasing demands during the recovery period. On the other hand, abnormal collagen metabolism has also been correlated to the incidence of IH. A significant decrease in the ratio of collagen I to collagen III (coll I/III) is implicated in modifications of structural integrity and mechanical stability of the connective tissue in experimental hernias. 4 Matrix metalopeptidases (MMPs) were also suggested to have an important role in the pathogenesis of IH. MMPs comprise a family of enzymes that play a central role in extracellular matrix (ECM) turnover and remodeling. [5] [6] [7] MMPs are zinc and calcium dependent enzymes, synthesized as zymogens in connective tissue. Under normal conditions, MMPs are present at low levels, usually in the latent form, and are responsible for normal physiological tissue turnover. [8] [9] [10] In pathological conditions, there is an imbalance between the synthesis and degradation of matrix leading to net tissue degradation. After injury, proteolysis is required to remove the damaged matrix and to help the synthesis of the new healing tissue. An increase in net MMP activity indicates matrix degradation as well as tissue repair, and so it is needed for the remodeling process in wound healing. 11, 12 . Despite the importance of MMPs in the wound healing process, the role of these enzymes in IH repair is not well understood. integrin and increasing MMP-2 activity and tissue remodeling.
Methods
DisBa-01 expression, purification and characterization.
Recombinant DisBa-01 was produced from the mRNA fraction purified from the venom gland of a Bothrops alternatus specimen as recently described. 24 The coding region corresponds to a medium disintegrin (78 amino acid residues) with an RGD adhesive motif.
The His-Tag fusion protein produced in E. coli is a 12 kDa protein as estimated by mass spectrometry and SDS-PAGE. 
Incisional hernia model:
The experimental IH model was made as previously described 1 with minor modifications as follows. Rats were anaesthetized and the abdomen was trichotomized and cleaned with alcohol. A ventral midline incision muscle and peritoneum was made from just below the level of the rib cage, extending approximately 15 mm distally. Skin was elevated and retracted to allow access to a site at the mid-lateral aspect of the caudal peritoneal wall. Using a template, a 3 X 0.5 cm piece of peritoneal wall was excised to leave the peritoneum intact.
Experimental procedures
Subsequently, animals of G1 group received placebo (PBS); G2 group were treated with topical application of 1.0 ml DisBa-01 PBS sterile solution (0.5mg/Kg), G3 treated with anti-α v β 3 antibodies (7μg/ml) and G4 treated with anti-a 2 antibodies (10μg/ml). The cutaneus incision was sutured across the wound with catgut 3-0 placed about 1 cm apart. The animals were replaced to the cages and observed until completely recovered. 
Tissue preparation and histology

Statistical analysis
Results were presented as mean ± 1SE. KolmogorovSmirnov and Levene's tests were used to analyze the normality and homogeneity of variance. Student's t test was performed to analyze differences between control and DisBa-01 groups. For all comparisons, statistical significance was considered at a 5% level (p < 0.05).
Results
After the experimental procedure, the progression of IH was followed by daily animal observation up to day 14, as shown in Fig. 1A . After this time period all control animals developed IH, which was also demonstrated by the persistency of the herniation ring (Fig. 1B) . In contrast, in all DisBa-01-treated animals there was no evidence of IH. Instead, a thin membrane completely closed the hernia ring, which avoided the IH (Fig. 1C) . The presence of adherences was observed in this group but not in the controls.
Interestingly, animals that were treated with anti-α v β 3 antibodies presented similar results ( Fig.1D-E) . The hernia ring was almost closed by a fibrotic tissue and muscle retraction (Fig. 1F) . Adherences were also observed. In contrast, in the animals treated with anti-α 2 antibodies the progression of IH was observed, as well as the presences of adherences (not shown).
Histological analysis showed that DisBa-01 at day 14 significantly increased the number of mononuclear cells ( Fig. 2A) , as well as the fibroblasts density (Fig. 2B) , increased the number of new vessels in the injured area (Fig. 2D) but not the number of polimorfonuclear cells (Fig. 2C) .
Morphometrical Masson´s trichome analysis of stained sections demonstrated that this disintegrin increased the content of collagen (Fig. 3A-C) .
In parallel, DisBa-01 strongly activated MMP-2 activity as demonstrated by gelatin zymography gels (Fig. 4A-B) . Activity bands corresponding to the pro-enzyme, intermediate and active enzyme were observed. Bands corresponding to the active form were quantified by densitometry (Fig. 4B) . In contrast, only traces of activity, corresponding to the intermediate band, were found for the controls (Fig. 4A) . Interestingly, animal treatment with anti-α v β 3 and anti-α 2 antibodies also strongly activated MMP-2 ( Fig. 4C-D) . 
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Discussion
The knowledge of the molecular mechanisms of herniation is important for diagnostic improvement, prognostic definition and hernia prevention. Connective tissue disorders involved in herniation are probably responsible for failed wound healing 2 The development of new techniques for IH prevention included the direct application of a growth factor. TGF-β 2 was either directly applied on the incision or immobilized in a mesh for delayed delivery 28 both with good results. TGF-β 2 stimulated macrophage and fibroblast chemotaxis as well as an increase in collagen production. bFGF immobilized in a polygalactone rod polymer was very effective in prevention of IH development. Since fibroblasts are key cells in the wound healing process, the In addition, dose-response deserves to be investigated in future trials. Finally, DisBa-01 application may be extended in the future for other clinical situations in tissues with relatively poor blood supply such as fractured bone healing and tendon repair.
